The preparation of magnetite colloidal agarose solutions with varying MNPs and agarose concentrations was carried out in a two-step process. At the first stage MNPs were synthesized using the co-precipitation method as described in [1] . The second stage starts with the solution dispersions. Different mixtures of magnetite (10 or 40 nm) MNPs' ferrofluids (1, 2, 4 mg/mL) and agarose solutions (0.5, 1, 2, 5, 10, 15, 20 mg/mL) were prepared in 1 mL of deionized water. Two identical samples from each batch were sonicated for 1 min and then placed in a water bath of 84 o C under continuous magnetic stirring and sonication for three 2/13 minutes. Finally, the two solutions were allowed to cool down to room temperature to form the agarose gel. During this 40 minutes stage, one solution was subjected into a static magnetic field of 40 mT (Fig. S2a ) to form the "chain sample". The second solution was left to cool down in the absence of magnetic field to serve as reference sample with random nanoparticle dispersion within its volume ("random sample").
In Figure S2a , the device used to align the nanoparticles is shown with two cubic NdFeB magnets located on top and bottom of the glass vial containing the colloidal sample.
Using the COMSOL 3.5a packet we simulated the spatial arrangement, and we estimated the magnetic field distribution within the sample region (Fig. S2b) . We have also calculated the magnetic flux density distribution in the magnetic orientation setup for 2D ( mg/mL and agarose content 2 mg/mL) was achieved when the sample was subjected at a magnetic field of around 40 mT in order to achieve chains formation. Thus, we were able to determine the appropriate sample-magnet relative positions in order to get the maximum heating efficiency i.e. ~7 cm where a field of 40 mT is obtained. Cumulative MPH sequences performed on the same chain sample, resulted to reproducible SLP values. Thus, we concluded that the hyperthermia field of 30 mT used for the measurements, not only successfully penetrates the chain samples, but it does not affect their morphology.
3/13 Figure S5 : FMR spectra of random and chain samples recorded at room temperature and at 9.5 GHz with the field applied parallel (φ=0 ο ) and perpendicular (φ=90 ο ) to the samples' alignment direction with respect to the chain samples for three different MNPs concentrations 1, 2 and 4 mg/mL, respectively. where μ0ΗΚ is the anisotropy field and b and n are phenomenological constants, κ is Usov's parameter given by
where kB is the Boltzmann constant, T is the temperature, μ0Hmax is the maximum applied magnetic field equal to 30 mT, Ms is the saturation magnetization derived from the experimental data and equal to 57 Am 2 /kg, τ0 is the frequency factor of the Νéel-Brown relaxation time, V is the MNPs volume, f is the frequency and Keff is the magnetocrystalline anisotropy which is approximated to 9 kJ/m 3 from relevant literature works on similar systems. [4] , [5] . For our ferromagnetic MNPs, we used b=1, n=0.5, κ<0.7 as estimated by
Carrey et al.. [6] The anisotropy field is given by:
We numerically solved the problem taking into account the thermal activation of magnetization and the sweeping rate of the alternating magnetic field. By substituting 
